In Si nanowire (SiNW) solar cells enhanced light confinement property in addition to decoupling of charge carrier collection and light absorption directions plays a significant role to resolve the draw backs of bulk Si solar cells. In this report we have studied the dependence of the phovoltaic properties of Si NW array solar cells on the SiNW length and enhanced surface defect states as a result of enhanced surface area of the NWs. The SiNW arrays have been fabricated using metal catalyzed electroless etching (MCEE) technique. p-n junction has been produced by spin-on-dopant technique followed by thermal diffusion process. Front and rear electrodes have been deposited by e-beam evaporation techniques. SiNW lengths have been controlled from ~ 320 nm to 6.4 m by controlling the parameters of MCEE technique. Photovoltaic properties of the solar cells have been characterized by measuring quantum efficiency and photocurrent density vs. voltage characteristics. Morphological studies have been carried out by using scanning electron microscopy. Reduction in light trapping capability comes at the benefit of reduced surface defects. The reduction of surface defects has been proved to be more advantageous in comparison to the decrement of light trapping capability. The major contribution to the changes in cell efficiency comes from the enhancement of short circuit current density with a very weak dependence on open circuit voltage. This work is beneficial for the production commercial Si solar cell where SiNW arrays could be used as a antireflection coating instead of using separate antireflection layers and thus could reduced the production cost.
There are several processes like CVD, molecular beam epitaxy, reactive ion etching in addition to lithography, metal catalyzed electroless etching (MCEE) technique etc. which are used to fabricate SiNWs [4] . Among these MCEE technique is only simple and low-cost while others are costly and time consuming. By MCEE technique SiNWs could be fabricated in wafer scale and the electrical characteristics of the SiNWs are same as mother Si wafer. Formation of homo or hetero junction could be achieved either by thermal diffusion or deposition of opposite polarity shell layer over the NWs in core-shell morphology by CVD technique or by spin coating opposite polarity polymer layer. Thermal diffusion involved high temperature processing while in CVD technique low temperature processing could be used. On the other hand polymer coated heterojunction cells most of the time are prepared at room temperature but subjected to reliability and stability issues. Low crystalline quality of the shell layers deposited by CVD technique most of the time degraded the performance of SiNW solar cells produced in core-shell morphology. In these SiNW solar cells surface states plays a dominant role.
With increase of surface area surface related defect recombination starts to take over other types of recombination process (e.g. bulk recombination). Reduction of surface roughness helps in reducing surface recombination. This has direct effect on cell efficiency by improving efficiency from 0.5% to 5.3% [5, 6] . On the other hand insertion of thin intrinsic-Si layer improves the efficiency up to 7.29% [7] . Reduction of length of the SiNWs also showed improvement of cell efficiency up to a certain height of the NWs. In this study p-n junctions were fabricated in core-shell morphology by depositing p-Si shell layer over n-SiNWs by cold walled thermal CVD [6] . The control of surface states of the SiNW array solar cells fabricated by thermal diffusion process has rarely been investigated. The simple way to control these surface states is to shorten the NW length that has been proved in our previous work [6] .
Here we report a control over the surface states by controlling the NW height for the thermally diffused SiNW solar cells. Without using any surface or interface passivation layer this investigation shows more than 30% enhancement in cell efficeincy. Thus through this work we have established a compromise between enhanced junction area and increased surface defect states with increase of NW length. This study is worth for the commercial Si solar cell production where SiNW arrays could be used as an light trapping layer instead of depositing any extra antireflection coating layers.
Experimental:
SiNW arrays were prepared by MCEE technique on 300 m thick p-type (100) This increase of roughness with increase of surface area increases the surface related dangling bond defects that enunciate more surface recombination with increase of NW length [6] . In our previous study reported elsewhere it was shown that with increase of SiNW length light trapping increases and as a result reflection reduces more and more with increase of SiNW length [6] . However for longer wavelengths EQE of SiNW array solar cells show some enhancement that could be ascribed to enhance light trapping. With increase of NW length at longer wavelength due to light trapping EQE increases up to a certain amount then it decreases with more increase in NW length. This has happened because of the fact that with increase of NW length surface related recombination starts to overcome the advantage Table 1 .
From Table 1 
Conclusion:
SiNW arrays of different NW length were fabricated by simple and low-cost MCEE technique. p-n junction was fabricated by spin-on-dopant technique followed by thermal diffusion of dopants. Currentvoltage and EQE measurements shows that for SiNW arrays with smaller length of the NWs cell performance is higher than the planar cells while for longer NW length the cell performance degraded and even go below that for planar cell. 
